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Robot for Skull-Base Surgery



NeurosurgeryNeurosurgery

•• Commercially available systems Commercially available systems 
((eg.Neuromateeg.Neuromate, , RobodocRobodoc, , AcrobotAcrobot) are ) are 
lacking in the degrees of freedom required lacking in the degrees of freedom required 
for skull base surgeryfor skull base surgery

•• Large workspace leads to unconstrained Large workspace leads to unconstrained 
motion that may pose a danger to patient motion that may pose a danger to patient 
and surgeonand surgeon



Introduction to Skull Base SurgeryIntroduction to Skull Base Surgery

Involves drilling of the temporal boneInvolves drilling of the temporal bone
To access deep seated skull base tumorsTo access deep seated skull base tumors
One of the longest operations in One of the longest operations in 

neurosurgery(8neurosurgery(8--13 hours)13 hours)
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Common Surgical ApproachesCommon Surgical Approaches



TranslabyrinthineTranslabyrinthine ApproachApproach



Skull Base SurgerySkull Base Surgery
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SurgeonSurgeon
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Registration ErrorsRegistration Errors
“During patient registration, surgeons strive to 

minimize a number provided as feedback by the 
registration system.  Unfortunately, this measure of 
error is merely an estimate of the accuracy of the 

rigid body transformation.  This estimate informs the 
operator only of error in the geometric alignment of 
the fiducial markers registered.  Reliance on this 

number as a proxy for the accuracy of the 
computer-assisted navigation during sugery is naïve 

at best.  At worst, the values may be misleading, 
especially with respect to the target registration 
error (TRE) which is of paramount importance 

clinically.”  
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Sub-Module: 
Patient Markers

NeuroRATNeuroRAT



NeuroRATNeuroRAT
Sub-Module: 
Digitizing Probe



NeuroRATNeuroRAT



NeuroPodNeuroPod

Sub-Module: 
Manipulator Description:Description:

6 axis parallel 6 axis parallel kinematickinematic robot (Hexapod)robot (Hexapod)

•• micron resolutionmicron resolution
• small workspacesmall workspace
•• high stiffnesshigh stiffness
(Fraunhofer-Institut Produktionstechnick and 
Automatisierung)

Function:Function:

To move drill unit along a specified drill trajectoryTo move drill unit along a specified drill trajectory



Workspace Analysis



Workspace Analysis
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Workspace Analysis
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NeuroBaseNeuroBase –– 11stst PrototypePrototype

Description:Description:

Hybrid parallel serial system with Hybrid parallel serial system with 
decoupled motionsdecoupled motions

Function:Function:

To place To place NeuroPodNeuroPod rigidlyrigidly in  optimum in  optimum 
working volume to maximize use of working volume to maximize use of 
Hexapod’s workspaceHexapod’s workspace
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SubSub--Module: Module: Path PlanningPath Planning
Manual (Manual (DextrascopeDextrascope))
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SubSub--Module: Module: Path PlanningPath Planning
Automatic (CONTEC)Automatic (CONTEC)



SubSub--Module: Path Planning (1)Module: Path Planning (1)
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SubSub--Module: Path Planning (1)Module: Path Planning (1)
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SubSub--Module: Path Planning (1)Module: Path Planning (1)
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SubSub--Module: Path Planning (1)Module: Path Planning (1)
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SubSub--Module: Path Planning (1)Module: Path Planning (1)
CONTECCONTEC
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Final Boundary

Four main properties are inherent for the 
constructed conduit:
•It avoids all critical areas/bounds;
•Allows for maximal line of sight;
•Alleviates areas which are inaccessible;
•Takes into account the rotational ability of the 
parallel manipulator.



SubSub--Module: Path Planning (2)Module: Path Planning (2)
ABNOABNO



SubSub--Module: Path Planning (2)Module: Path Planning (2)
ABNOABNO



SubSub--Module: Path Planning (2)Module: Path Planning (2)
ABNOABNO
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SubSub--Module: Path Planning (2)Module: Path Planning (2)
ABNOABNO



SubSub--Module: Path Planning (2)Module: Path Planning (2)
ABNOABNO



SubSub--Module: Path Planning (2)Module: Path Planning (2)
ABNOABNO
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Current StatusCurrent Status
►► Grant from Biomedical Research Council of AGrant from Biomedical Research Council of A--StarStar
►► Ready for Animal/Ready for Animal/CadavericCadaveric Clinical TrialsClinical Trials
►► Feasibility Studies to extend applications to Feasibility Studies to extend applications to 

NeuroendoscopyNeuroendoscopy, , StereotacticStereotactic Biopsy, Biopsy, NeuroNeuro--
OsteotomiesOsteotomies, Pedicle Screw Placements, , Pedicle Screw Placements, 
Craniotomies, VP Shunt Insertions, maybe even Craniotomies, VP Shunt Insertions, maybe even 
stemcellsstemcells implantation!implantation!

Current Members:Current Members:
Principal Investigators: Dr. Ivan Ng & Charles LoPrincipal Investigators: Dr. Ivan Ng & Charles Lo
Collaborators:Collaborators:

Volume Interactions:Volume Interactions:
NanyangNanyang Technological UniversityTechnological University
Singapore Institute of Manufacturing TechnologySingapore Institute of Manufacturing Technology



Thank You……..Thank You……..


